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(57) A method for efficient removal of blocking arte-
facts in blocks of pixels forming a video image frame,
without blurring image edges. First a current pixel is
checked to determine whether it is a block boundary pix-
el. If the current pixel is a boundary pixel, then the "1-D
central variance" is computed for horizontal, vertical and
diagonal directions that cross the block boundary by us-

ing three pixels along a line centered at the current pixel.
The "least central variance direction" is then determined
by finding the direction which has minimal "1-D central
variance". Then, the current pixel is updated by replac-
ing its value with the average value of the three pixels
along the "least central variance direction”, to essential-
ly remove undesirable blocking artefacts.
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Description

[0001] The present invention relates to method of processing a frame of a video signal, representing an image, to
remove blocking artefacts resulting from block-based transform coding of the signal and to an apparatus including
processing means for processing a frame of a video signal, representing an image, to remove blocking artefacts re-
sulting from block-based transform coding of the signal.

[0002] The MPEG-2 video compression standard has been successfully adopted in digital TV broadcasting. As with
many other popular image and video compression standards, MPEG-2 uses block-based Discrete Cosine Transforms
(DCT). The basic approach of this DCT-based image and video compression technique is to subdivide the image into
8x8 blocks of pixels and then individually transform, quantize, and encode each block.

[0003] However, this block-based coding technique introduces blocking artefacts between block boundaries because
the transform does not take into account the correlation between block boundaries. As high picture quality display
technologies emerge rapidly, and TV screens get ever larger, the blocking artefacts are more visible and more annoying.
[0004] In order to improve the quality of the received images for display, it is necessary to provide the receiver end
with a post-processor to remove blocking artefacts in the decoded video streams. The basic requirements for such
types of de-blocking post-processors are removing blocking artefacts, preserving image edges, and being cost-effective
(i.e., low-complexity and low-memory requirement).

[0005] Many post-processing techniques have been developed for reducing blocking artefacts, such as image adap-
tive filtering (T. Liu, et al., "Adaptive Post-processing Algorithms for Low Bit Video Signals," IEEE Tans. on Image
Processing, vol. 4, July 1995); projection on convex sets (Y. Yang, et al., "Projection-based Spatially Adaptive Recon-
struction of Block-transform Compressed Images," IEEE Trans. on Image Processing, vol. 4, July 1995); wavelet de-
noising (R. Gopinath, et al., "Wavelet-based Post-processing of Low Bit Rate Transform Coded Images," ICIP 1994);
and non-linear diffusion (S. Yang, et al., "Coding Artefacts Removal Using Biased Anisotropic Diffusion," ICIP 1997).
[0006] Although such conventional techniques have led to improved image quality, most require either alarge amount
of computation time or a large amount of memory, and as such, are not suitable for real-time video applications. There
is, therefore, a need for a post-processing method and apparatus that are simple and require low-memory, and which
can efficiently remove blocking artefacts without blurring image edges. There is also a need for such method and
apparatus to have a simple architecture be easy for hardware implementation.

[0007] A method, according to the present invention, is characterised by modifying the characteristic value of a pixel,
which is proximate a block boundary, such that said boundary is substantially imperceptible in the displayed image.
[0008] An apparatus, according to the present invention, is characterised in that the processing means is configured
for modifying the characteristic value of a pixel, which is proximate a block boundary, such that said boundary is sub-
stantially imperceptible in the displayed image.

[0009] Preferably:

(a) for each pixel in a frame, determining whether the pixel is proximate a block boundary; and
(b) if the pixel is proximate a block boundary, modifying the pixel characteristic value.

[0010] Preferably, the modification of a pixel characteristic value is performed by determining the least central vari-
ance direction across the block boundary relative to the pixel and then modifying the pixel characteristic value to create
a transition, perceived as natural, across the block boundary substantially along the least central variance direction.
More preferably, the characteristic value is modified in dependence on characteristic values of neighbouring pixels
substantially along the least central variance direction. Still more preferably, determining the least central variance
direction across the block boundary relative to the current pixel comprises the steps of:

if the horizontal direction is across the block boundary relative to the current pixel, then determining the 1-D central
variance in the horizontal direction across the block boundary, using neighbouring pixels substantially along a
horizontal line centred at the current pixel;

if the vertical direction is across the block boundary relative to the current pixel, then determining the 1-D central
variance in the vertical direction across the block boundary, using neighbouring pixels substantially along a vertical
line centred at the current pixel;

determining the 1-D central variance relative to the current pixel in two diagonal directions across the block bound-
ary, using neighbouring pixels substantially along two diagonal lines centred at the current pixel, respectively;
selecting the least central variance direction by finding the direction which has minimal 1-D central variance among
the 1-D central variances that correspond to the directions across the block boundary; and

then modifying the current pixel characteristic value as a function of the characteristic values of the neighbouring
pixels along the selected least central variance direction, and, more specifically:
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the horizontal 1-D central variance V; being according to the relation:

Vy = |f(m,n+1) - f(m,n)|+|f(m,n-1) - f(m,n)|;
the vertical 1-D central variance V; is according to the relation:

Vy = [{(m+1,n) - f(m,n)|+|f(m-1,) - f(m,n));

and
the diagonal 1-D central variance V, is according to the relation:

Vy, = |f(m+1,n+1) - f(m,n)|[+|f(m - 1,n - 1) - f(m,n)|;

and
the other diagonal 1-D central variance V5 is according to the relation:

V3 =|f(m - 1,n+1) - f(m,n)|+|f(m+1,n-1)-f(m,n)|,

where f (m, n) denotes said characteristic value of the current pixel, where m and n are the row and column
indices for the current pixel in the frame;
[0011] Thus, present invention can efficiently combine vertical block boundary processing with horizontal block
boundary processing
[0012] The processing means may comprise a Vertical Block Boundary Processor and a Horizontal Block Boundary
Processor. The Vertical Block Boundary Processor removes vertical blocking artefacts, and the Horizontal Block Bound-
ary Processor removes horizontal blocking artefacts. Each video frame is processed in raster scan order, first by the
Vertical Block Boundary Processor and then by the Horizontal Block Boundary Processor. After the Vertical Block
Boundary Processor has completed processing one scan line, it passes the whole scan line to the Horizontal Block
Boundary Processor. Because the Horizontal Block Boundary Processor only needs three scan lines to process the
horizontal block boundary, instead of waiting for the Vertical Block Boundary Processor to finish the entire frame, the
Horizontal Block Boundary Processor can startimmediately right after it has accumulated the first three scan lines from
the output of the Vertical Block Boundary Processor. This provides efficient processing that requires less memory.
[0013] Inone embodiment, for the above mentioned Vertical Block Boundary Processor and Horizontal Block Bound-
ary Processor, the present invention provides a method of removing blocking artefacts, wherein the current pixel is
checked to determine whether it is a vertical/horizontal block boundary pixel. If the current pixel is a vertical/horizontal
block boundary pixel, the "1-D central variance" is computed for the horizontal, vertical and diagonal directions that
cross the vertical/horizontal block boundary, using three pixels along a line centered at the current pixel. The "least
variance direction" is then determined by finding the direction which has minimal "1-D central variance". Then, the
current pixel is updated by replacing its value with the average value of the three pixels along the "least variance
direction", to essentially remove the undesirable blocking artefacts without blurring image edges.
[0014] Embodiments of the present invention will now be described, by way of example, with reference to the ac-
companying drawings, in which:

Figure 1A shows a functional block diagram of an embodiment of a de-blocking system for removing blocking
artefacts according to the present invention;

Figure 1B-C show flowcharts of steps of an embodiment of a method of removing blocking artefacts according to
the present invention;

Figure 2 is a diagram illustrating an example scan line rolling process for the Horizontal Block Boundary Processor
of Figure 1A;

Figure 3 is a diagram illustrating four example directions for computing 1-D central variance in the system of Figure
1A;

Figure 4 is a diagram showing an example of the 1-D central variances computation for vertical block boundary
pixels; and

Figure 5 is a diagram showing an example of the 1-D central variances computation for horizontal block boundary
pixels.
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[0015] While this invention is susceptible of embodiments in many different forms, there are shown in the drawings
and will herein be described in detail, preferred embodiments of the invention with the understanding that the present
disclosure is to be considered as an exemplification of the principles of the invention and is not intended to limit the
broad aspects of the invention to the embodiments illustrated.

[0016] As noted above, the present invention provides a apparatus that implements a simple, low-complexity, low-
memory post-processing method for efficient removal of blocking artefacts in block-transform coded videos without
blurring image edges. As such, the present invention efficiently combines vertical block boundary processing with
horizontal block boundary processing. In an embodiment of a post-processing apparatus (system) according to the
present invention a Vertical Block Boundary Processor and a Horizontal Block Boundary Processor are utilized. The
Vertical Block Boundary Processor removes vertical blocking artefacts, and the Horizontal Block Boundary Processor
removes horizontal blocking artefacts. Each video frame is processed in raster scan order, first by the Vertical Block
Boundary Processor and then by the Horizontal Block Boundary Processor. After the Vertical Block Boundary Processor
has completed processing one scan line, it passes the whole scan line to the Horizontal Block Boundary Processor.
Because the Horizontal Block Boundary Processor only needs three scan lines to process the horizontal block bound-
ary, instead of waiting for the Vertical Block Boundary Processor to finish the entire frame, the Horizontal Block Boundary
Processor can start immediately right after it has accumulated the first three scan lines from the output of the Vertical
Block Boundary Processor. This provides efficient processing that requires less memory.

[0017] Inone embodiment, for the above mentioned Vertical Block Boundary Processor and Horizontal Block Bound-
ary Processor, the present invention provides a method of removing blocking artefacts, wherein the current pixel is
checked to determine whether it is a vertical/horizontal block boundary pixel. If the current pixel is a vertical/horizontal
block boundary pixel, the "1-D central variance" is computed for the horizontal, vertical and diagonal directions that
cross the vertical/horizontal block boundary, using three pixels along a line centered at the current pixel. The "least
variance direction" is then determined by finding the direction which has minimal "1-D central variance". Then, the
current pixel is updated by replacing its value with the average value of the three pixels along the "least variance
direction", to essentially remove the undesirable blocking artefacts without blurring image edges.

[0018] To help understanding, the present invention is described herein using a luminance signal as pixel value.
However, such techniques according to the present invention, can also be applied to other image/pixel characteristics
values such as e.g. chrominance, etc.

[0019] Figure 1A shows an example block diagram of an embodiment of a de-blocking system 10 for removing
blocking artefacts, according to the present invention. The system 10 includes a Vertical Block Boundary Processor
(VBBP) 12 that removes vertical blocking artefacts, and a Horizontal Block Boundary Processor (HBBP) 14 that re-
moves horizontal blocking artefacts.

[0020] Each video frame is processed in raster scan order (i.e., raster scan lines of pixels). When an input scan line
is received, the Vertical Block Boundary Processor 12 processes all the vertical block boundary pixels on this scan line
(the block boundaries in a frame are formed as a result of block-based transform coding). After the Vertical Block
Boundary Processor 12 has completed processing the pixels on that scan line, it passes the whole scan line to the
Horizontal Block Boundary Processor 14.

[0021] As with the Vertical Block Boundary Processor 12, the Horizontal Block Boundary Processor 14 uses three
scan lines to process the block boundaries. As such, initially, the Horizontal Block Boundary Processor 14 accumulates
three scan lines. After the Horizontal Block Boundary Processor 14 receives three scan lines from the Vertical Block
Boundary Processor 12, the Horizontal Block Boundary Processor 14 begins processing the middle scan line using
the top and bottom scan lines. To process the middle scan line, the Horizontal Block Boundary Processor 14 first
determines whether the middle scan line is a horizontal block boundary line. If the middle scan line is not a horizontal
block boundary line, the Horizontal Block Boundary Processor 14 bypasses it. However, if the middle scan line is a
horizontal block boundary line, then the Horizontal Block Boundary Processor 14 processes each pixel on this scan
line to remove the horizontal blocking artefacts.

[0022] After the Horizontal Block Boundary Processor 14 has completed processing the middle scan line, it "rolls"
out the top scan line and "rolls" in a new scan line from the output of the Vertical Block Boundary Processor 12. Referring
to the example process flow in Figure 2, now the old middle scan line becomes the new top scan line, the old bottom
scan line becomes the new middle scan line, and the newly received scan line becomes the new bottom scan line.
After one rolling of the scan lines, the Horizontal Block Boundary Processor 14 processes the new middle scan line,
and so on. The above functions of passing a scan line from the processor 12 to the processor 14, and "rolling" scan
lines, can also be implemented in a Pass/Roll block 16 in Figure 1A.

[0023] In one embodiment, the Vertical Block Boundary Processor 12 comprises a Vertical Boundary Pixel Locator
18, a Least Variance Direction Detector 20 and a Pixel Updater 22, operating as described by example below. Now
also referring to the example method steps in Figure 1B, each video frame is first processed in raster scan order (step
40). In one example, the input to the system 10 comprises an MPEG-2 decoded signal. That signal is provided to the
Vertical Block Boundary Processor 12 as scan lines of pixels, wherein for each pixel on the current scan line, the
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Vertical Boundary Pixel Locator 18 first checks the current pixel to determine whether it is a vertical block boundary
pixel (step 42).

[0024] Ifthe current pixel is not a vertical block boundary pixel, itis passed as the output of the Vertical Block Boundary
Processor 12 without modification (step 44). However, if the current pixel is a vertical block boundary pixel, it is passed
to the Least Variance Direction Detector 20. The Least Variance Direction Detector 20 determines the "least central
variance direction" across the vertical block boundary with respect to the current pixel (step 46). The "least central
variance direction" indicates that there are image features, such as e.g. edges, across the block boundary along this
direction. Then the Pixel Updater 22 updates (modifies) the characteristic value (e.g., luminance) of the current block
boundary pixel using the neighbouring pixels along that direction (step 48) to create a natural transition across the
block boundary, and therefore essentially removes the blocking artefacts without damaging image edges.

[0025] In order to further explain the operation of the Least Variance Direction Detector 18, the concept of the "1-D
central variance" is now described. Referring to the example 3x3 mask (i.e., sub-block) 47 of nine pixels 49 in Figure
3, for a given pixel, the "1-D central variance" is defined for four directions: (1) horizontal direction LO, (2) vertical
direction L1, (3) diagonal direction from upper left corner to lower right L2, and (4) the other diagonal direction L3. In
this example, the value (e.g., luminance) of the central pixel P, in Figure 3 is denoted by f (m, n), wherein m and n are
the column and row indices for the central pixel in the mask 47. Then, V,, V4, V, and V3, denote the "1-D central
variances" for directions L0, L1, L2 and L3, respectively. The "1-D central variance" for pixel at location (m, n) in a
block can be defined e.g. as:

Vy = |f(m,n+1)- f(m,n)|+|f(m,n-1)- f(m,n)],

V, = [f(m+1,n) - f(m,n)|+|f(m - 1,) - f(m,n)|,

Vy, = [f(m+1,n+1)-f(m,n)[+|f(m-1,n-1)-f(m,n))|,

Vs = [f(m-1,n+1)-f(m,n)|+|f(m+1,n-1)-f(m,n)|.

[0026] Referring now to the example 3x3 mask of pixels in Figure 4, without loss of generality, in this example the
current pixel (e.g., P, in Figure 2), with the value A, is a vertical block boundary pixel located at the left side of the
vertical block boundary. The values A, A,, A3 A_;, A, and A_3, are for some of the neighbouring pixels of the center
pixel. In order to determine the "least central variance direction" across the vertical block boundary, the Least Variance
Direction Detector 20 first computes the "1-D central variances" along those directions that are across the vertical block
boundary. In the example of Figure 4, in conjunction with Figure 3, the directions that are across the vertical block
boundary are: (1) horizontal direction L0, (2) diagonal direction L2, and (3) the other diagonal direction L3. As such,
in one example, the corresponding "1-D central variances" can be computed as:

Vo = Ay - Apl*lAL - Agl,

Vy = Az - Agl*lA5 - Agl,

V= |Aq - Agl+|A - Agl.

[0027] Next, the minimal value of the above three "1-D central variances" V{;, V, and V3, denoted as min (V,, V,,
V3), is computed. The corresponding direction of the minimal value of V{;, V,, and V3 provides the "least central variance
direction”. For example, if V,, is the minimal value, then the diagonal direction L2 is the "least central variance direction".
If there are multiple minimal values, then in one example, the Least Variance Direction Detector 20 selects the direction
among the corresponding directions that has the smallest labeling number as the "least central variance direction".
[0028] After the Least Variance Direction Detector 20 has determined the "least central variance direction”, it passes
the "least central variance direction" to the Pixel Updater 22. As noted above, the Pixel Updater 22 updates the current
pixel by using the average of e.g. three pixels along the "least central variance direction".

[0029] For example, referring to Figure 4, assuming that the diagonal direction L2 (which is the diagonal direction
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from the upper left corner to the lower right corner of the mask 47), is the "least central variance direction" determined
by the Least Variance Direction Detector 20, then the value A, of the current pixel is updated by the Pixel Updater 22 as:

Ag=(Agy+ Ay + A3,

[0030] After the Pixel Updater 22 has updated the current pixel, it passes the updated pixel to the output of the
Vertical Block Boundary Processor 12, and continues to process the next available pixel. When the Vertical Block
Boundary Processor 12 completes processing one scan line, it passes the entire scan line to the Horizontal Block
Boundary Processor 14 to remove horizontal blocking artefacts.

[0031] Referring back to Figure 1A, in one embodiment, the Horizontal Block Boundary Processor 14 comprises a
Horizontal Boundary Line Locator 24, a Least Variance Direction Detector 26 and a Pixel Updater 28, operating as
described below. Now also referring to the example method steps in Figure 1C, the Horizontal Boundary Line Locator
24 uses the output of the Vertical Block Boundary Processor 12 as input (step 50). Unlike the Vertical Boundary Pixel
Locator 18 (which checks each pixel on the scan line to determine if it is a vertical boundary pixel), the Horizontal
Boundary Line Locator 24 checks each current scan line to determine whether the scan line is a horizontal block
boundary line (step 52). If the current scan line is not a horizontal block boundary line, the Horizontal Boundary Line
Locator 24 directly passes the whole scan line to the output of the Horizontal Block Boundary Processor 14 without
doing any modification (step 54). If the current scan line is a horizontal block boundary line, then the Horizontal Boundary
Line Locator 24 passes each pixel of the current scan to the Least Variance Direction Detector 26 to determine the
"least central variance direction" across the horizontal block boundary relative to each pixel in the scan line (step 56).
Then the Pixel Updater 28 updates each horizontal block boundary pixel using neighbouring pixels along the "least
central variance direction" to create natural transition across the horizontal block boundary (step 58), therefore essen-
tially removes the blocking artefacts without damaging image edges.

[0032] The operations of the example Least Variance Direction Detector 26 and the example Pixel Updater 28, of
the Horizontal Block Boundary Processor 14 are now further described. Similar to its counterpart in the Vertical Block
Boundary Processor 12, for each pixel of the scan line, the Least Variance Direction Detector 26 determines the "least
central variance direction" across the horizontal block boundary with respect to that pixel. In order to determine the
"least central variance direction" across the horizontal block boundary, the Least Variance Direction Detector 26 first
determines the "1-D central variances" along those directions that are across the horizontal block boundary.

[0033] Referring to the example 3x3 mask of pixels in Figure 5, without loss of generality, in this example a current
pixel, with value By, in the scan line is a horizontal block boundary pixel, located at the top side of the horizontal block
boundary. Values B4, B,, B3, B-4, B-,and B_3, are for some of the neighbouring pixels of the central pixel. With reference
to Figure 3, the directions that are across the horizontal block boundary in Figure 5, are: (1) vertical direction L1, (2)
diagonal direction L2, and (3) the other diagonal direction L3. The corresponding "1-D central variances" can be com-
puted by example as:

Vy =|By - Byl*|B; - By,

V,=|B3 - By |+] B3 - By,

V3 =By - By |+ B4 - Byl

[0034] The corresponding direction of the minimal value, min(V,, V,, V3), provides the "least central variance direc-
tion". For example, if V5 is the minimal value, then the diagonal direction L3 is the "least central variance direction". If
there are multiple minimal values, then in one example, the Least Variance Direction Detector 26 selects the direction
among the corresponding directions that has the smallest labeling number as the "least central variance direction".
[0035] After the Least Variance Direction Detector 26 has determined the "least central variance direction”, it passes
the "least central variance direction" to the Pixel Updater 28. The Pixel Updater 28 then updates the current pixel by
taking the average of e.g. the three pixels along the "least central variance direction". In the example of Figure 5,
assuming that the diagonal direction L3 (which is the diagonal direction from the upper right corner to the lower left
corner of the mask), is the "least central variance direction" computed by the Least Variance Direction Detector 26,
then the current pixel By is updated by the Pixel Updater 28 as:



10

15

20

25

30

35

40

45

50

55

EP 1439 711 A2
By =(B4+By+By)I3.

[0036] After the Pixel Updater 28 has updated the current pixel, it passes the result to the output of the Horizontal
Block Boundary Processor 14, which is the final output of the system. Thereafter, the processed image can be displayed
on a display system 30.

[0037] Therefore, such a de-blocking system according to the presentinvention, removes blocking artefacts resulting
from block-based transform coding by processing block boundary pixels using average of multiple (e.g., three pixels)
across the block boundary along the "least central variance direction". The "least central variance direction" is deter-
mined by finding the directions across block boundary that has the least "1-D central variance". The "1-D central var-
iance" is computed for four directions, horizontal, vertical, and two diagonal directions, wherein the "1-D central vari-
ance" for each direction is computed by taking the sum of the absolute differences between a current pixel and its
neighbouring pixels (e.g., its two immediate neighbouring pixels) along the corresponding direction.

[0038] As such, such a system for processing video signals, removes blocking artefacts resulting from block-based
transform coding. Use of the Vertical Block Boundary Processor and the Horizontal Block Boundary processor in the
system, allows virtually simultaneous and efficient vertical and horizontal block boundary processing of each video
frame. This further expedites processing of large volumes of video frames, making the present invention further suitable
for real-time video processing applications. Such a de-blocking method and system for removing blocking artefacts,
improve image quality without blurring images, and without requiring either a large amount of computation time or a
large amount of memory.

[0039] The aforementioned apparatus/system according to the present invention, can be implemented as program
instructions for execution by a processor, as logic circuits, as ASIC, as firmware, etc., as is known to those skilled in
the art. Therefore, the present invention is not limited to the example embodiments described herein.

[0040] The presentinvention has been described in considerable detail with reference to certain preferred versions
thereof; however, other versions are possible.

Claims

1. A method of processing a frame of a video signal, representing an image, to remove blocking artefacts resulting
from block-based transform coding of the signal, the method being characterised by modifying the characteristic
value of a pixel, which is proximate a block boundary, such that said boundary is substantially imperceptible in the
displayed image.

2. A method according to claim 1, comprising:

(a) for each pixel in a frame, determining whether the pixel is proximate a block boundary; and
(b) if the pixel is proximate a block boundary, modifying the pixel characteristic value.

3. A method according to claim 1 or 2, wherein the modification of a pixel characteristic value is performed by deter-
mining the least central variance direction across the block boundary relative to the pixel and then modifying the
pixel characteristic value to create a transition, perceived as natural, across the block boundary substantially along
the least central variance direction.

4. A method according to claim 3, wherein the characteristic value is modified in dependence on characteristic values
of neighbouring pixels substantially along the least central variance direction.

5. A method according to claim 4, wherein determining the least central variance direction across the block boundary
relative to the current pixel comprises the steps of:

if the horizontal direction is across the block boundary relative to the current pixel, then determining the 1-D
central variance in the horizontal direction across the block boundary, using neighbouring pixels substantially
along a horizontal line centred at the current pixel;

if the vertical direction is across the block boundary relative to the current pixel, then determining the 1-D
central variance in the vertical direction across the block boundary, using neighbouring pixels substantially
along a vertical line centred at the current pixel;

determining the 1-D central variance relative to the current pixel in two diagonal directions across the block
boundary, using neighbouring pixels substantially along two diagonal lines centred at the current pixel, respec-
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tively;

selecting the least central variance direction by finding the direction which has minimal 1-D central variance
among the 1-D central variances that correspond to the directions across the block boundary; and

then modifying the current pixel characteristic value as a function of the characteristic values of the neigh-
bouring pixels along the selected least central variance direction.

6. A method according to claim 5, wherein:

10.

1.

the horizontal 1-D central variance V; being according to the relation:

Vi = |f(m,n+1) - f(m,n)|+|f(m,n-1) - f(m,n)|;
the vertical 1-D central variance V, is according to the relation:

V, =|f(m+1,n) - f(m,n)|*+|f(m-1,) - f(m,n)|;

and
the diagonal 1-D central variance V; is according to the relation:

V, = |f(m+1,n+1) - f(m,n)|+|f(m - 1,n - 1) - f(m,n)|;

and
the other diagonal 1-D central variance V; is according to the relation:

Vs =|f(m - 1,n+1) - f(m,n)|+|f(m+1,n-1)-f(m,n)|,

where f (m, n) denotes said characteristic value of the current pixel, where m and n are the row and column
indices for the current pixel in the frame.

An apparatus including processing means (10) for processing a frame of a video signal, representing an image,
to remove blocking artefacts resulting from block-based transform coding of the signal, the apparatus being char-
acterised in that the processing means (10) is configured for modifying the characteristic value of a pixel, which
is proximate a block boundary, such that said boundary is substantially imperceptible in the displayed image.

An apparatus according to claim 7, wherein the processing means (10) is configured for:

(a) determining whether each pixel of a frame is proximate a block boundary; and
(b) if one of said pixels is proximate a block boundary, modifying its characteristic value.

An apparatus according to claim 7 or 8, wherein the processing means (10) is configure for modifying a pixel
characteristic value by determining the least central variance direction across the block boundary relative to the
pixel and then modifying the pixel characteristic value to create a transition, perceived as natural, across the block
boundary substantially along the least central variance direction.

An apparatus according to claim 9, wherein the processing means (10) is configured such that the characteristic
value is modified in dependence on characteristic values of neighbouring pixels substantially along the least central
variance direction.

An apparatus according to claim 10, wherein the processing means (10) is configured to determine the least central
variance direction across the block boundary relative to the current pixel by the steps of:

if the horizontal direction is across the block boundary relative to the current pixel, then determining the 1-D
central variance in the horizontal direction across the block boundary, using neighbouring pixels substantially
along a horizontal line centred at the current pixel;
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if the vertical direction is across the block boundary relative to the current pixel, then determining the 1-D
central variance in the vertical direction across the block boundary, using neighbouring pixels substantially
along a vertical line centred at the current pixel;

determining the 1-D central variance relative to the current pixel in two diagonal directions across the block
boundary, using neighbouring pixels substantially along two diagonal lines centred at the current pixel, respec-
tively;

selecting the least central variance direction by finding the direction which has minimal 1-D central variance
among the 1-D central variances that correspond to the directions across the block boundary; and

then modifying the current pixel characteristic value as a function of the characteristic values of the neigh-
bouring pixels along the selected least central variance direction.

12. An apparatus according to claim 11, wherein the processing means (10) is configured such that the least central
variance direction is determined in accordance with:

the horizontal 1-D central variance V,, being according to the relation:

V, = [f(m,n+1)-f(m,n)|+|f(m,n-1)-f(m,n)|;
the vertical 1-D central variance V; is according to the relation:

V, = [f(m+1,n)-f(m,n)|+|f(m-1,)-f(m,n)|;

and
the diagonal 1-D central variance V, is according to the relation:

V, = |f(m+1,n+1)-f(m,n)[+|f(m-1,n-1)-f(m,n)|;

and
the other diagonal 1-D central variance V; is according to the relation:

V5 = |f(m-1,n+1)-f(m,n)|+|f(m+1,n-1)-f(m,n)|,

where f (m, n) denotes the characteristic value of the current pixel, where m and n are the row and column

indices for the current pixel in the frame;

13. A method for processing video image signals to remove blocking artefacts resulting from block-based transform
coding in a frame of pixels representing an image, comprising the steps of:

(a) for each pixel in the frame, determining if the pixel is proximate a block boundary resulting from block-
based transform coding; and

(b) if the pixel is proximate a block boundary, then modifying the pixel characteristic value to create a natural
transition across the block boundary to essentially remove blocking artefacts resulting from said block-based
transform coding.

14. The method of claim 13, further comprising the steps of:

before step (a), receiving a signal representing the pixels in the video image frame.

15. The method of claim 13, wherein step (b) further includes the steps of:

if the pixel is proximate a block boundary, determining the least central variance direction across the block
boundary relative to the pixel, and then modifying the pixel characteristic value to create a natural transition
across the block boundary substantially along the least central variance direction, to essentially remove block-
ing artefacts resulting from said block-based transform coding.
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16. The method of claim 13, wherein step (b) further includes the steps of:

if the pixel is proximate a block boundary, determining the least central variance direction across the block
boundary relative to the pixel, and then modifying the pixel characteristic value using characteristic values of
neighbouring pixels substantially along the least central variance direction, to create a natural transition across
the block boundary to essentially remove blocking artefacts resulting from said block-based transform coding.

17. The method of claim 16, wherein the step of determining the least central variance direction across the block
boundary relative to the current pixel, further comprises the steps of:

if the horizontal direction is across the block boundary relative to the current pixel, then determining the 1-D
central variance in the horizontal direction across the block boundary, using neighbouring pixels substantially
along a horizontal line centered at the current pixel;

if the vertical direction is across the block boundary relative to the current pixel, then determining the 1-D
central variance in the vertical direction across the block boundary, using neighbouring pixels substantially
along a vertical line centered at the current pixel;

determining the 1-D central variance relative to the current pixel in two diagonal directions across the block
boundary, using neighbouring pixels substantially along two diagonal lines centered at the current pixel, re-
spectively;

selecting the least central variance direction by finding the direction which has minimal 1-D central variance
among the 1-D central variances that correspond to the directions across the block boundary;

and then modifying the current pixel characteristic value as a function of the characteristic values of the neigh-
bouring pixels along the selected least central variance direction, to create a natural transition across the block
boundary to essentially remove blocking artefacts resulting from said block-based transform coding.

18. The method of claim 17, wherein:

a characteristic value of the current pixel is denoted by f (m, n) , wherein m and n are the row and column
indices for the current pixel in the frame;
the horizontal 1-D central variance V, being according to the relation:

V, = [f(m,n+1)-f(m,n)|+|f(m,n-1)-f(m,n)|;
the vertical 1-D central variance V, is according to the relation:
V, = |f(m+1,n)-f(m,n)|+|f(m-1,)-f(m,n)|;

and
the diagonal 1-D central variance V, is according to the relation:

V, = [f(m+1,n+1)-f(m,n)|+|f(m-1,n-1)-f(m,n)|;

and
the other diagonal 1-D central variance V5 is according to the relation:

V3 = [f(m-1,n+1)-f(m,n)|+|f(m+1,n-1)-f(m,n)|,

19. The method of claim 18, further comprising the steps of:

before step (a), receiving a signal representing the pixels in the video image frame.

20. A method for processing video image signals to remove blocking artefacts resulting from block-based transform
coding in a frame of pixels representing an image, comprising the steps of:

11
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(a) for each pixel in the frame, determining if the pixel is proximate a vertical block boundary resulting from
block-based transform coding;

(b) if the pixel is proximate a vertical block boundary, then modifying the pixel characteristic value to create a
natural transition across the vertical block boundary to essentially remove vertical blocking artefacts resulting
from said block-based transform coding;

(c) for each pixel in the frame, determining if the pixel is proximate a horizontal block boundary resulting from
block-based transform coding; and

(d) if the pixel is proximate a horizontal block boundary, then modifying the pixel characteristic value to create
a natural transition across the horizontal block boundary to essentially remove horizontal blocking artefacts
resulting from said block-based transform coding.

The method of claim 20, further comprising the steps of:

before step (a), receiving a signal representing the pixels in the video image frame.

The method of claim 20, wherein step (b) further includes the steps of:

if the pixel is proximate a vertical block boundary, determining the least central variance direction across the
vertical block boundary relative to the pixel, and then modifying the pixel characteristic value to create a natural
transition across the vertical block boundary substantially along the least central variance direction, to essen-
tially remove vertical blocking artefacts resulting from said block-based transform coding.

The method of claim 20, wherein step (b) further includes the steps of:

if the pixel is proximate a vertical block boundary, determining the least central variance direction across the
vertical block boundary relative to the pixel, and then modifying the pixel characteristic value using character-
istic values of neighbouring pixels substantially along the least central variance direction, to create a natural
transition across the vertical block boundary to essentially remove vertical blocking artefacts resulting from
said block-based transform coding.

The method of claim 23, wherein the step of determining the least central variance direction across the vertical
block boundary relative to the current pixel, further comprises the steps of:

determining the 1-D central variance in the horizontal direction across the vertical block boundary, using neigh-
bouring pixels substantially along a horizontal line centered at the current pixel;

determining the 1-D central variances in two diagonal directions across the vertical block boundary, using
neighbouring pixels substantially along two diagonal lines centered at the current pixel, respectively;
selecting the least central variance direction by finding the direction which has minimal 1-D central variance
among the horizontal and the two diagonal 1-D central variances;

and then modifying the current pixel characteristic value as a function of the characteristic values of the neigh-
bouring pixels along the selected least central variance direction, to create a natural transition across the
vertical block boundary to essentially remove vertical blocking artefacts resulting from said block-based trans-
form coding.

25. The method of claim 24, wherein:

a characteristic value of the current pixel is denoted by f (m, n) , wherein m and n are the row and column
indices for the current pixel in the frame;
the horizontal 1-D central variance V,, being according to the relation:

V, = |f(m,n+1)-f(m,n)|+|f(m,n-1)-f(m,n)|;

the diagonal 1-D central variance V, is according to the relation:

V, = |f(m+1,n+1)-f(m,n)[+|f(m-1,n-1)-f(m,n)|;
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and
the other diagonal 1-D central variance V; is according to the relation:

V3 = |f(m-1,n+1)-f(m,n)|+|f(m+1,n-1)-f(m,n)|,

26. The method of claim 25, further comprising the steps of:

before step (a), receiving a signal representing the pixels in the video image frame.

27. The method of claim 20, wherein step (d) further includes the steps of:

if the pixel is proximate a horizontal block boundary, determining the least central variance direction across
the horizontal block boundary relative to the pixel, and then modifying the pixel characteristic value using
characteristic values of neighbouring pixels substantially along the least central variance direction, to create
a natural transition across the horizontal block boundary to essentially remove horizontal blocking artefacts
resulting from said block-based transform coding.

28. The method of claim 27, wherein the step of determining the least central variance direction across the horizontal
block boundary relative to the current pixel, further comprises the steps of:

determining the 1-D central variance in the vertical direction across the horizontal block boundary, using neigh-
bouring pixels substantially along a vertical line centered at the current pixel;

determining the 1-D central variances in two diagonal directions across the horizontal block boundary, using
neighbouring pixels substantially along two diagonal lines centered at the current pixel, respectively;
selecting the least central variance direction by finding the direction which has minimal 1-D central variance
among the vertical and the two diagonal 1-D central variances;

and then modifying the current pixel characteristic value as a function of the characteristic values of the neigh-
bouring pixels along the selected least central variance direction, to create a natural transition across the
horizontal block boundary to essentially remove blocking artefacts resulting from said block-based transform
coding.

29. The method of claim 27, wherein:

a characteristic value the current pixel is denoted by f(m,n) wherein m and n are the row and column indices
for the current pixel in the frame;
the vertical 1-D central variance V, is according to the relation:

V, = |f(m+1,n)-f(m,n)|+|f(m-1,)-f(m,n)|;

and
the diagonal 1-D central variance V, is according to the relation:

V, = |f(m+1,n+1)-f(m,n)[+|f(m-1,n-1)-f(m,n)|;

and
the other diagonal 1-D central variance V5 is according to the relation:

V5 = [f(m-1,n+1)-f(m,n)|+|f(m+1,n-1)-f(m,n)|,

30. The method of claim 29, further comprising the steps of:

before step (a), receiving a signal representing the pixels in the video image frame.

31. Anapparatus for processing video image signals to remove blocking artefacts resulting from block-based transform
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coding in a frame of pixels representing an image, comprising:

a vertical block boundary processor that for each pixel in the frame, determines if the pixel is proximate a
vertical block boundary resulting from block-based transform coding, and if the pixel is proximate a vertical
block boundary, then modifies the pixel characteristic value to create a natural transition across the vertical
block boundary to essentially remove vertical blocking artefacts resulting from said block-based transform
coding; and

a horizontal block boundary processor that for each pixel in the frame, determines if the pixel is proximate a
horizontal block boundary resulting from block-based transform coding, and if the pixel is proximate a horizontal
block boundary, then modifies the pixel characteristic value to create a natural transition across the horizontal
block boundary to essentially remove blocking artefacts resulting from said block-based transform coding.

32. The apparatus of claim 31, wherein the vertical block boundary processor comprises:

a vertical boundary pixel locator that determines if a pixel is proximate a vertical block boundary;

a least Variance direction detector that determines the least central variance direction across the vertical block
boundary relative to the pixel; and

a pixel updater that modifies the characteristic value of the pixel proximate the vertical boundary using char-
acteristic values of neighbouring pixels substantially along the least central variance direction, to create a
natural transition across the vertical block boundary to essentially remove vertical blocking artefacts resulting
from said block-based transform coding.

33. The apparatus of claim 31, wherein:

the least Variance direction detector: (i) determines the 1-D central variance in the horizontal direction across
the vertical block boundary, using neighbouring pixels substantially along a horizontal line centered at the
current pixel; (ii) determines the 1-D central variances in two diagonal directions across the vertical block
boundary, using neighbouring pixels substantially along two diagonal lines centered at the current pixel, re-
spectively; and (iii) selects the least central variance direction by finding the direction which has minimal 1-D
central variance among the horizontal and the two diagonal 1-D central variances; and

the pixel updater modifies the current pixel characteristic value as a function of the characteristic values of
the neighbouring pixels along the selected least central variance direction, to create a natural transition across
the vertical block boundary to essentially remove blocking artefacts resulting from said block-based transform
coding.

34. The apparatus of claim 32, wherein:

a characteristic value of the current pixel is denoted by f (m, n) , wherein m and n are the row and column
indices for the current pixel in the frame;
the horizontal 1-D central variance V,, being according to the relation:

Vy = |f(m,n+1)-f(m,n)|+|f(m,n-1)-f(m,n)];
the diagonal 1-D central variance V, is according to the relation:
V, = |f(m+1,n+1)-f(m,n)|+|f(m-1,n-1)-f(m,n)|;

and
the other diagonal 1-D central variance V5 is according to the relation:

V3 = [f(m-1,n+1)-f(m,n)|+|f(m+1,n-1)-f(m,n)|,

35. The apparatus of claim 31, wherein the horizontal block boundary processor comprises:

a horizontal boundary line locator that determines if a line of pixels is proximate a horizontal block boundary;
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a least Variance direction detector that determines the least central variance direction across the horizontal
block boundary relative to a pixel proximate the horizontal block boundary;

a pixel updater that modifies the characteristic value of the pixel proximate the horizontal block boundary using
characteristic values of neighbouring pixels substantially along the least central variance direction, to create
a natural transition across the horizontal block boundary to essentially remove horizontal blocking artefacts
resulting from said block-based transform coding.

36. The apparatus of claim 35, wherein:

the least Variance direction detector: (ii) determines the 1-D central variance in the vertical direction across
the horizontal block boundary, using neighbouring pixels substantially along a vertical line centered at the
current pixel; (ii) determines the 1-D central variances in two diagonal directions across the horizontal block
boundary, using neighbouring pixels substantially along two diagonal lines centered at the current pixel, re-
spectively; and (iii) selects the least central variance direction by finding the direction which has minimal 1-D
central variance among the vertical and the two diagonal 1-D central variances; and

the pixel updater modifies the current pixel characteristic value as a function of the characteristic values of
the neighbouring pixels along the selected least central variance direction, to create a natural transition across
the horizontal block boundary to essentially remove horizontal blocking artefacts resulting from said block-
based transform coding.

37. The apparatus of claim 35, wherein:

a characteristic value of the current pixel is denoted by f (m, n) wherein m and n are the row and column indices
for the current pixel in the frame;
the vertical 1-D central variance V; is according to the relation:

V, = |f(m+1,n)-f(m,n)|+|f(m-1,)-f(m,n)|;

and
the diagonal 1-D central variance V, is according to the relation:

V, = |f(m+1,n+1)-f(m,n)|+|f(m-1,n-1)-f(m,n)|;

and
the other diagonal 1-D central variance V5 is according to the relation: V5 = |f(m-1,n+1)-f(m,n)|+|fim+1,n-1)-f
(m,n)],

38. An apparatus according to claim 37, wherein the apparatus for processing video image signals is a component of

an audio-visual system.

39. An apparatus for processing video image signals to remove blocking artefacts resulting from block-based transform
coding in a frame of pixels representing an image, comprising:

45

50

55

vertical block boundary processor that receives a signal representing the pixels in the video image frame in
raster scan order as lines of pixels, wherein for each pixel in a scan line, vertical block boundary processor
determines if the pixel is proximate a vertical block boundary resulting from block-based transform coding,
and if the pixel is proximate a vertical block boundary, then modifies the pixel characteristic value to create a
natural transition across the vertical block boundary to essentially remove vertical blocking artefacts resulting
from said block-based transform coding; and

a horizontal block boundary processor that receives scan lines of pixel from the vertical block boundary proc-
essor, wherein the horizontal block boundary processor determines if a scan line is at a horizontal block bound-
ary resulting from block-based transform coding, and if so, for each pixel in that san line, the horizontal block
boundary processor modifies the pixel characteristic value to create a natural transition across the horizontal
block boundary to essentially remove horizontal blocking artefacts resulting from said block-based transform
coding.
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40. The apparatus of claim 39, wherein the vertical block boundary processor comprises:

a vertical boundary pixel locator that determines if a pixel is proximate a vertical block boundary;

a least Variance direction detector that determines the least central variance direction across the vertical block
boundary relative to the pixel; and

a pixel updater that modifies the characteristic value of the pixel proximate the vertical boundary using char-
acteristic values of neighbouring pixels substantially along the least central variance direction, to create a
natural transition across the vertical block boundary to essentially remove blocking artefacts resulting from
said block-based transform coding.

41. The apparatus of claim 40, wherein:

the least Variance direction detector: (i) determines the 1-D central variance in the horizontal direction across
the vertical block boundary, using neighbouring pixels substantially along a horizontal line centered at the
current pixel; (ii) determines the 1-D central variances in two diagonal directions across the vertical block
boundary, using neighbouring pixels substantially along two diagonal lines centered at the current pixel, re-
spectively; and (iii) selects the least central variance direction by finding the direction which has minimal 1-D
central variance among the horizontal and the two diagonal 1-D central variances; and

the pixel updater modifies the current pixel characteristic value as a function of the characteristic values of
the neighbouring pixels along the selected least central variance direction, to create a natural transition across
the vertical block boundary to essentially remove vertical blocking artefacts resulting from said block-based
transform coding.

42. The apparatus of claim 41, wherein:

a characteristic value of the current pixel is denoted by f (m, n) wherein m and n are the row and column indices
for the current pixel in the frame;
the horizontal 1-D central variance V,, being according to the relation:

V, = [f(m,n+1)-f(m,n)|+|f(m,n-1)-f(m,n)|;
the diagonal 1-D central variance V, is according to the relation:
V, = |f(m+1,n+1)-f(m,n)|+|f(m-1,n-1)-f(m,n)|;

and
the other diagonal 1-D central variance V5 is according to the relation:

V3 = [f(m-1,n+1)-f(m,n)|+|f(m+1,n-1)-f(m,n)|,

43. An apparatus according to claim 42, wherein the apparatus for processing video image signals is a component of
an audio-visual system.

44. The apparatus of claim 40, wherein the horizontal block boundary processor comprises:

a horizontal boundary line locator that determines if a scan line is proximate a horizontal block boundary;

a least Variance direction detector that determines the least central variance direction across the horizontal
block boundary relative to a pixel in a scan line proximate horizontal block boundary;

a pixel updater that modifies the characteristic value of the pixel proximate the horizontal block boundary using
characteristic values of neighbouring pixels substantially along the least central variance direction, to create
a natural transition across the horizontal block boundary to essentially remove horizontal blocking artefacts
resulting from said block-based transform coding.

45. The apparatus of claim 44, wherein:
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the least Variance direction detector: (i) determines the 1-D central variance in the vertical direction across
the horizontal block boundary, using neighbouring pixels substantially along a vertical line centered at the
current pixel; (ii) determines the 1-D central variances in two diagonal directions across the horizontal block
boundary, using neighbouring pixels substantially along two diagonal lines centered at the current pixel, re-
spectively; and (iii) selects the least central variance direction by finding the direction which has minimal 1-D
central variance among the vertical and the two diagonal 1-D central variances; and

the pixel updater modifies the current pixel characteristic value as a function of the characteristic values of
the neighbouring pixels along the selected least central variance direction, to create a natural transition across
the horizontal block boundary to essentially remove horizontal blocking artefacts resulting from said block-
based transform coding.

46. The apparatus of claim 45, wherein:

a characteristic value the current pixel is denoted by f (m, n) wherein m and n are the row and column indices
for the current pixel in the frame;
the vertical 1-D central variance V, is according to the relation:

V, = |f(m+1,n)-f(m,n)|+|f(m-1,)-f(m,n)|;

and
the diagonal 1-D central variance V, is according to the relation:

V, = |f(m+1,n+1)-f(m,n)[+|f(m-1,n-1)-f(m,n)|;

and
the other diagonal 1-D central variance V5 is according to the relation:

V5 = [f(m-1,n+1)-f(m,n)|+|f(m+1,n-1)-f(m,n)|,
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